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Read, Map, and Extract MODIS Aerosol Data Using 
Python Scripts
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Computer and Python Requirements
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Computer Requirements 

• Install Python 3.7 using Anaconda
• Install all required python packages

– Package List (right)
• Test Python and package installations 

using the following Python test code
– test_python.py

• Download MODIS Data and Python 
Codes using the following link
– ARSET LINK ZIP FILE

• For more detail on the code, visit: 
https://arset.gsfc.nasa.gov/airquality/p
ython-scripts-aerosol-data-sets-merra-
modis-and-omi

• Python package list:
– pyhdf
– numpy
– sys
– mpl_toolkits.

basemap

– matplotlib
– linearSegmented

Colormap
– h5py
– time
– calendar 

https://arset.gsfc.nasa.gov/
https://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/18-hires/py_test_code.zip
https://arset.gsfc.nasa.gov/sites/default/files/airquality/webinars/18-hires/week2_code_data.zip
https://arset.gsfc.nasa.gov/airquality/python-scripts-aerosol-data-sets-merra-modis-and-omi
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Python Test

• Open the spyder editor 
inside Anaconda

• Open test_python.py
• Make sure the directory 

has the Python code 
and HDF file

• Open the ipython
console in the spyder

• Run the code using the 
green arrow on the top

• Output should be an 
image as shown

HDF file

output

https://arset.gsfc.nasa.gov/
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Getting Ready with Python
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Anaconda & the Spyder Editor

https://arset.gsfc.nasa.gov/
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Spyder View

code area

ipython area

https://arset.gsfc.nasa.gov/


8NASA’s Applied Remote Sensing Training Program

Current Directory View & File List

• Create a list of HDF files ‘fileList.txt’
• The directory should have

– All the python codes
– All the HDF data files
– A list of HDF files named as ‘fileList.txt’

https://arset.gsfc.nasa.gov/
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Read a MODIS Aerosol File (HDF) 
and Print SDS List
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Print Scientific Data Sets (SDSs)

• Purpose: read a 
MODIS aerosol level 2 
data file in HDF format 
and print all the 
Scientific Data Sets
(SDS)

• The code works for 
both 10 km and 3 km 
products

read_mod_aerosol_and_list_sds.py

https://arset.gsfc.nasa.gov/
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Running and Output

• Click the green 
arrow to run the 
code

• The code will 
process all the files in 
the fileList.txt one-
by-one

• Follow the 
instructions in the 
ipython terminal (i.e. 
enter ‘Y’ or ‘N’ 
when prompted 
and hit enter)

output

https://arset.gsfc.nasa.gov/
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Editing the Code

change the name 
of fileList.txt to any 
name you’d like

This code has 
been tested for 3 
km and 10 km 
MODIS aerosol 
Level 2 data files

https://arset.gsfc.nasa.gov/
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Applications

• MODIS Level 2 aerosol data are provided in HDF files
• Each HDF file contains several geophysical parameters 
• Special codes and tools are required to open HDF files
• This code helps users see the name of the available SDSs inside an HDF file for 

further analysis

https://arset.gsfc.nasa.gov/
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Map Aerosol Optical Depth
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Plot and save a map of MODIS AOD
read_and_map_mod_aerosol.py

https://arset.gsfc.nasa.gov/
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Running and Output

AOD statistics

Output AOD 
map

https://arset.gsfc.nasa.gov/
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Editing the Code

Change the Color Scale Change the SDS

https://matplotlib.org/examples
/color/colormaps_reference.ht
ml

https://arset.gsfc.nasa.gov/
https://matplotlib.org/examples/color/colormaps_reference.html
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Applications

• This is a sample code to read and map the MODIS Level 2 aerosol data 
• The code can be modified to address different mapping needs
• Users can create daily maps of AOD over certain regions and start analyzing 

changes over time
• AOD maps can also help identify regions with high pollution levels

May 14, 2007 May 15, 2007 May 16, 2007Example: 
High AOD values from 
smoke show good 
agreement with 
surface monitors 
(circles).

https://arset.gsfc.nasa.gov/
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Extract AOD at a Surface Station



NASA’s Applied Remote Sensing Training Program 20

Extract AOD Values at a given location

• Purpose: read a MODIS 
aerosol level 2 data file 
in HDF format and 
extract AOD values at 
a given ground 
location

• The code works for 
both 10 km and 3 km 
products

read_mod_aerosol_at_a_location.py

https://arset.gsfc.nasa.gov/


21NASA’s Applied Remote Sensing Training Program

Running and Output

Outputs

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX

X XX X XXX

Type “Y” to process file, 
“N” to skip

Select SDS

Lat & Lon of station

https://arset.gsfc.nasa.gov/
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Editing the Code – Change the SDS

https://arset.gsfc.nasa.gov/
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Editing the Code – Change the AOD Calculations

https://arset.gsfc.nasa.gov/
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Applications

Satellite AOD Validation Time Series AnalysisAOD-PM2.5 Relationship

Image Sources: Gupta et al., Gupta et al., 2006, Gupta et al., 2007 

https://arset.gsfc.nasa.gov/
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Output HDF Variables to CSV
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Output MODIS Aerosol Level 2 HDF variables to a CSV file

• Purpose: read a MODIS 
aerosol level 2 data file 
in HDF format and write 
certain SDSs into a csv 
(text) file

• The code works for both 
10 km and 3 km 
products

read_mod_aerosol_and_dump_ascii.py

https://arset.gsfc.nasa.gov/
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Output

This code saves a .csv 
file, which can be 
opened by excel, a 
text editor, or other 
codes or software

https://arset.gsfc.nasa.gov/
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Editing the Code

Change the list 
SDS to be written 
as an output

https://arset.gsfc.nasa.gov/
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Applications

• This is a sample code to read and extract the MODIS Level 2 aerosol data 
• The code can be modified to extract multiple SDSs into a single .csv file
• The code can be easily modified to extract data over a certain region
• The output file can be opened in excel, or any other data analysis tool

https://arset.gsfc.nasa.gov/
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Create Air Quality Maps
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Create an Air Quality Map

• Purpose: read a MODIS 
aerosol level 2 data file in HDF 
format and create a PM2.5 air 
quality category map using 
the relationship between 
AOD and PM2.5

• The code works for both 10 
km and 3 km products

read_aod_and_calculate_pm25.py

Disclaimer: This is just a sample code. The 
default AOD-PM2.5 relationship used here is 
the assumed relationship over the USA. 
The users of this code are responsible for 
checking the validity of this relationship and 
encouraged to use local relationships for 
visualizing AQ in different parts of the world.

output

https://arset.gsfc.nasa.gov/


32NASA’s Applied Remote Sensing Training Program

Editing the Code – Change the SDS

The user can 
change the 
AOD SDS to be 
used in PM2.5
calculation

https://arset.gsfc.nasa.gov/
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Editing the Code: Change the AOD-PM2.5 Relationship and AQI

The code uses 
PM2.5 = Slope * AOD + Intercept

as the linear regression equation 
to calculate PM2.5 from AOD

The code uses the U.S. EPA 
definition of air quality categories 
based on PM2.5

AQI Calculator: 
https://airnow.gov/index.cfm?
action=airnow.calculator

Change the 
default slope & 
intercept

Change the air 
quality categories

https://arset.gsfc.nasa.gov/
https://airnow.gov/index.cfm?action=airnow.calculator
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Application: Convert AOD into PM2.5 & Air Quality Maps

https://arset.gsfc.nasa.gov/
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Application – Compare Satellite with Surface Maps

https://arset.gsfc.nasa.gov/
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References

• Deep Blue Algorithm Website (https://deepblue.gsfc.nasa.gov/data)
• Dark Target Algorithm Website (https://darktarget.gsfc.nasa.gov/)
• MODIS Data Download (https://ladsweb.modaps.eosdis.nasa.gov/)

https://arset.gsfc.nasa.gov/
https://deepblue.gsfc.nasa.gov/data
https://darktarget.gsfc.nasa.gov/
https://ladsweb.modaps.eosdis.nasa.gov/
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Questions?


